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ABSTRACT 

We analyze charm meson semileptonic decays using the measured ratios 
Tl/I^t and r+/r_ from D K* and the branching ratios for D K* 
and D —y K. First we introduce the light vector mesons in a model which 
combines the heavy quark effective Lagrangian and the chiral perturbation 
approach. We propose a method which predicts the behavior of the form 
factors. Using the available experimental data we determine the values of 
some model parameters and reproduce the observed branching ratios for 
Ds — ^ $, -Ds (?7 + rj') and D n. We make predictions for the yet 
unmeasured branching ratios and polarization observables. 



I. INTRODUCTION 



There exist several theoretical calculations aiming to describe D — > Vlu 
{V is a light vector meson) or D Plv {P is a light pseudoscalar meson) 
semileptonic decays: relativistic or nonrelativistic quark models 0], 
[^], lattice calculations 0, QCD sum rules [0 and a few attempts to use 
the heavy quark effective theory (HQET) [0, p|, 0. On the experimental 
side the following quantities regarding semileptonic charm meson decays have 
been measured: the branching ratios B, Tl/Tt and r_|_/r_ for —>■ K**^ 
and the branching ratios B for K*- , Df ^ ^, ^ K', D+ ^ 

— i> (?7 + f]'), TT^ and 7r° |10|. The purpose of this paper is 



to accommodate these available experimental data within a combination of 
HQET and the chiral perturbation theory (CHPT) description of the light 
meson sector. Within this framework the HQET is valid at small recoil 
momentum |]TT| , |jl2[ (a zero recoil momentum is realized when the final and 



decaying meson states have the same velocities). HQET can give definite 
predictions for heavy to light [D —>■ V ot D ^ P) semileptonic decays in the 
kinematic region with large momentum transfer to the lepton pair, i.e large 
g^. Unfortunately, it cannot predict the dependence of the form factors. 
The experimental data for the semileptonic decays — > K~ [|13i, — »• 



K° and — > K*^ [|^, |]T6| are unfortunately not good enough to 
clearly determine the dependence of the form factors. Experimentally 
what is known, apart from the branching ratios, are the form factors at one 
kinematical point, assuming a pole- type behaviour for all the form factors. 
The same assumption is used also in many theoretical calculations, for ex- 
ample in 01 . This assumption seems reasonable, but within HQET the 
kinematic constraint on the form factors at = cannot be satisfyied unless 
a special relation is imposed between the pole masses and residues. More- 
over, it was shown using QCD sum rules that the form factors for axial 
currents exhibit a rather flat dependence. 

For these reasons, we will modify the Lagrangian for heavy and light 
pseudoscalar and vector mesons given by the HQET and chiral symmetry 
[0]. Apart from the zero- recoil point we will still use the same Feynman rules 
for the vertices in our processes, but write down the complete propagator 
also for heavy mesons, instead of using the HQET propagator. In the region 
where the heavy meson is nearly on-shell (the region where HQET is appli- 
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cable) the two prescription almost perfectly overlap, but due to a Feynman 
rule prescription for the calculation of the form factors, there are no incon- 
sistencies at = 0. At the same time this gives a natural explanation of 
the pole-type form factors in the whole range and an entirely consistent 
picture. It enables us to determine which form factors have a pole-type or 
a constant behaviour, confirming the results of the QCD sum rules analysis 

i- 

In order to show that such a simple prescription works, we will calculate 
the decay widths in all measured charm meson semileptonic decays. The 
model parameters will then be determined by the experimental data. These 
parameters are also important in the study of more complicated decays. 

The paper is organized as follows: in Sec. II we will first write down 
the already known Lagrangian for heavy and light psedoscalar and vector 
mesons, given by the requirements of HQET and chiral symmetry. In Sec. 
Ill we will explain the behavior of the form factors in decays D ^ V and 
D ^ P. The free model parameters will then be determined by comparing 
our approach with experiment. Finally, a short summary of the results will 
be given in Sec. IV. 



II. THE HQET AND CHPT LAGRANGIAN 



a) Strong Interactions 
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We incorporate in our Lagrangian both the heavy flavour SU{2) sym- 
iTf with the SU{3)l x SU{3)r chiral symmetry, spontaneously 
broken to the diagonal SU{3)v [^01' which can be used for the description of 
heavy and light pseudoscalar and vector mesons. A similar Lagrangian, but 
without the light vector octet, was first introduced by Wise |jl2|], Burdman 
and Donoghue []18[, and Yan et al. [|19|. It was then generalized with the 



inclusion of hght vector mesons in ||7|, P), pi 

The light degrees of freedom are described by the 3x3 Hermitian matrices 
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n 



and 



/ ill _L ite. I 



V6 

K- 



V3 



V2 



VP 
x/3 



K+ 



(1) 



V2 



Kf 



(2) 



for the pseudoscalar and vector mesons, respectively. The mass eigenstates 
are defined hj rj = rjscosOp — rjo sin 9 p and t]' = rjssmOp + rjo cos 9p, where 
6p = (—20 ±5)° [jlO| is the rj — rj' mixing angle. The matrices ([^) and (|^) are 
usually expressed through the combinations 



in 

u = exp(y) , (3) 



where / is the pseudoscalar decay constant, and 



■ 9v f.s 

Pt^ = ^^Pi^ > (4) 

where gv = 5.9 is given by the values of the vector masses (we consider only 

the case of exact vector dominance, see 

Introducing the vector and axial currents = ^{u'^d^u + ud^u^) and 
= ^{u^dfj,u — udfj,u^) and the guage field tensor F^u{p) = d^pu — duP^ + 

[PuiPv] the light meson part of the strong Lagrangian can be written as 



CugM= - ^-^{tr{A,A^') + 2tr[{V^- p,f]] 

+ l^tr[F,^i.P)F'''m- (5) 
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Both the heavy pseudoscalar and the heavy vector mesons are incorpo- 
rated in the 4x4 matrix 



Ha = -{1+^){d:^Y - D,^,) , (6) 

where a = 1, 2, 3 is the SU(?>)v index of the hght flavours, and D*^^ and Da 
annihilate a spin 1 and spin heavy meson cg^ of velocity f , respectively. 
They have a mass dimension 3/2 instead of the usual 1, so that the La- 
grangian is explicitly mass independent in the heavy quark limit oo. 
Defining 

Ha = 7°i^ir = «7'^ + ^175)^(1+^), (7) 
we can write the leading order strong Lagrangian as 



+ ^Tr{H,HaHaH,) . (8) 

This Lagrangian contains two unknown parameters, g and (3, which are 
not determined by symmetry arguments, and must be determined empiri- 
cally. This is the most general even-parity Lagrangian in leading order of the 
heavy quark mass {rriQ oo) and chiral symmetry limit {rriq — > and the 
minimal number of derivatives). 

We will also need the odd-parity Lagrangian for the heavy meson sector. 
The lowest order contribution to this Lagrangian is given by 



£odd = tXTr[HaCT^,F^''{p)abHb]- (9) 
The parameter A is free, but we know that this term is of the order 1/A^ 



with Ay being the chiral perturbation theory scale |22 



b) Weak Interactions 
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For the semileptonic decays the weak Lagrangian is given at the quark 
level by the current- current Fermi interaction 



r//(Ac = As = l) = -^[{lu.nrs'c),] , (10) 

where Gp is the Fermi constant, {il)iip2)^ = V^iT'^ll— 7^)'^2 and s' = s cos6c + 
dsinOc, 9c being the Cabibbo angle {sinOc ~ 0.222). 

At the meson level we assume that the weak current transforms as (3l, Ir) 
under chiral SU{'i)L x SU{?))r and is linear in the heavy meson field. The 
most general current can then be written as 

= (/^*M^A + DBy)u^ , (11) 

The leading order in the 1/M expansion is obtained by demanding that the 
operators A and B do not act as derivatives on the heavy meson fields D and 
D* ||2^. We can generally expand A^a and Bx in powers of the operators 



Of' = p,-V, 
O^^ = A, 



Of = d, + V,, (12) 

which are, together with the quark mass matrix insertion, the basic operators 
in our model with the correct transformation properties. Using the standard 
(chiral) power counting rules [^, it is easily shown, that the operators (0) 



count as order 0{E), having each one derivative or one (light) vector field, 
while the mass matrix is of higher order, 0{E'^). Expanding A and B to 
order 0{E), i.e. to the linear order in powers of the operators (p!2D, we get, 
recalling that VuD*^ = 0, where v is the heavy meson four-velocity. 



>A ^ ^g^.x ^ [B,,^gf^\» + B2,^g^''v^ + 53,.ze''^"^t;^]d« + ... , (13) 



5^ = Cv^ + + D2,if^f + ... . (14) 

It is clear that such an expansion is a chiral expansion, i.e. in powers of 
energy E, and need not be a heavy quark expansion in powers of 1/M, as it 
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is sometimes assumed [^. The current (|TT]) together with (|T3D-(|T4|) is the 
most general one in our model to order 0{M^) in the heavy quark expansion 
and to order 0{E^) and 0{E) in the chiral expansion. 

The 0{E^) coefficients, A and C, can be expressed in terms of the heavy 
meson pseudoscalar and vector decay constants fr, and fo*, which are equal 
in the heavy quark limit |Tl| , while no such relations exist between the coeffi- 



cients Bi^k (HD and Di^k (HD- However, due to the relation O'j^^u^ = —O'j^^u^ 



only the operators O^^^ and Oj^^ are important at order 0{E). 

In our calculation of the D meson semileptonic decays to leading order in 
both 1/M and the chiral expansion we will need only the current proportional 
to D, DP, or D* at order 0{E^) and the current proportional to DV at order 
0{E). Consequently, we can rewrite Eq. (|ll|) with (|13D-(^4|) 



as 



J!:= \ iaTr[Y{l-^,)H,ul] 



(15) 



where a = fDy/m-D [|T2 



The «! term was ffist considered in We also 
include the 02 term, as we must, since it is of the same order in the 1/M 
and chiral expansion as the term proportional to ai. We will also see, that 
the term proportional to 02 is very important for the phenomenology of the 
semileptonic decays and that it can not be neglected. In the next Section 
we will determine ai and 02 from the experimental data on semileptonic D 
meson decays. 



III. FORM FACTORS FOR D V/P 



The description of semileptonic decays is known near the zero-recoil point, 
but for the calculation of the branching ratios we need to extrapolate the form 
factors to different kinematical regions, defined by the square of the transfer 
momentum q^. This has been done using the QCD sum-rule analysis 
quark models [|I|, 0, 0, 0], and lattice calculations 0. Within a Lagrangian 
approach this is more difficult, since the form of the interactions is known 
only in the heavy meson mass limit near zero-recoil. Therefore it was assumed 
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in and p[, that all form factors are pole-type functions of g^, but with 
different pole-masses. With the known values of form factors in the zero- 
recoil limit, given by the HQET, the form factors in the whole kinematic 
region then seem to be determined. However, this prescription possesses 
some shortcomings, which can be seen as follows: the H ^ V and H ^ P 
current matrix elements can be quite generally parametrized as 



<V{e,p')\{V-Ar\H{p) >- 



niH + ray 



iiP + p)^^ - 



(16) 



and 



+ "^^^ji^'iM), (17) 

where, g = p — p' is the exchanged momentum. In order that these matrix 
elements are finite at = 0, the form factors must satisfy the relations 

.„(o,.!!^.,o)-!I^.,o,^o. (18) 

Fi(0) = Fo(0) . (19) 

But these equations cannot be satisfied by calculating the form factors at 
zero recoil where = q^^x — i^H — i^v(p)Y and then extrapolating them 
to = assuming a simple pole dependence, unless a relation between the 
model parameters is imposed. It is unreasonable to assume such a relation, 
since the pole masses are taken from the measured lowest lying resonances 
with the correct quantum numbers and, therefore, are not free parameters. 

The problem, therefore, is how to extrapolate the amplitude from the 
zero recoil point to the rest of the allowed kinematical region. We shall make 
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a very simple, physically motivated, assumption: the vertices do not change 
significantly, while the propagators of the off-shell heavy mesons are given by 
the full propagators 1 j {p^ —rn?) instead of the HQET propagators l/(2mf ./c). 
With these assumptions we are able to incorporate the following features: 

i) almost exactly the HQET prediction at the maximum g^; 

ii) a natural explanation for the pole-type form factors when appropriate; 

iii) predictions of flat behaviour for the form factors Ai and which has 
been conflrmed in the QCD sum-rule analysis of 0. 

Our approach is different than in where a pole dominance prescrip- 

tion for the dependence of the form factors was assumed, as in the data 
analysis of the semileptonic D° ^ K' D+ ^ K° and D+ K*° 



[ P^ , | |16| |. In contrast, we calculate the form factors directly from our La- 
grangian. For the strongly off-shell charm meson propagator we take the com- 
plete expression 1/ (g^ — iv?j^) rather than the heavy meson limit l/(2m^f fc), 
where k = q — m£,v is the residual momentum (assuming for the moment 
the degeneracy of the D — D* system). The difference between the two ap- 
proaches at is less than 25%. Also, in our approach the pole structure 
1/(1 — g^/m|)) of certain diagrams is a direct consequence of the D or D* full 
propagators. From the other side, not all diagrams have intermediate D or 
D* mesons and then such a dependence is absent. Consequently, we have 
a very simple way to determine if a particular form factor has a pole-type 
behaviour, a constant behaviour, or some combination. 

Finally, we include 5*^7(3) symmetry breaking by using the physical mass- 
es and decay constants shown in Table |l|. The decay constants for rj and r]' 



were taken from 261, for from p^, while for the other D's theoretical 



predictions were used p8 |. 

Decays D ^ Vlvi 

There are three possible Cabibbo allowed semileptonic decays {D^ 
K*~ , — > K*^ and D'^^ —>■ $) and four possible Cabibbo suppressed 
semileptonic decays {D^ , p°, — >• oj and K*^) of the 

charmed mesons of the type D Vlvi. The relevant form factors deflned in 
calculated in our model, are 



1 



K 



HV 



ran'* i mn'* 



V{q') = 2{mH + mv){^)-^ „ " , fw-X ^ , (20) 



vriH q — TTiy 



9v 



V2 
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K 



HV 



Khv 
1 



K 



HV 



my niH 



—fH'(3 



1 + m 
mv 2, m 



H 



H 



my 



a2 



9v 
V2 



mtH + my 



■a2 



9v_ 

9v 
V2' 



(21) 
(22) 
(23) 



where the pole mesons and the corresponding constants Khv are given in 
Table ^. It is convenient to introduce the helicity amplitudes for the decay 
H^Vl+ui as in H: 



H±{y)= + imH + my)A,iy)T^^^^^^^P^Viy), (24) 

rriH + my 

*""^''<*' A(y), (25) 



where 



2 ' 



and 



\m\{\ -y) + my]^ 



(26) 



./|2 _ 

In order to compare with experiment, we calculate the decay rates for 
polarized final light vector mesons: 

-'2 ^2 



96n^ Jo 



/ dyy\j/{y)\\H,{y)W (28) 
Jo 



where a = +, — , and 
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ym = {i- . (29) 

niH 

The transverse, longitudinal and total decay rates are then trivially given by 



Tt = r+ + r_, (30) 

Tl = To, (31) 
r = Vt + Tl. (32) 

We must fit three parameters (A, ai, 02) using the three measured values 
T/Ttot = 0.048 ± 0.004, Tl/Tt = 1.23 ± 0.13 and r+/r_ = 0.16 ± 0.04 
for the process — ^ K*^l^vi, taken from the Particle Data Group average 
of data from different experiments |jl^. Unfortunately we are not able to 
determine the parameter j3 since ^0(9^) cannot be observed. 

Our model parameters appear linearly in the form factors (pOl)-(^) and 
hence in the helicity amplitudes (p^), (|25|), so the polarized decay rates (p^) 
are quadratic functions of them. For this reason there are 8 sets of solutions 
for the three parameters (A,q;i,q;2). It was found from the analysis of the 
strong decays D* Dir and electromagnetic decays D* D'y [^|, that 



the parameter A has the same sign as the parameter A', which describes the 
contribution of the magnetic moment of the heavy (charm) quark. In the 
heavy quark limit we have A' = — l/(6mc). Assuming that the finite mass 
effects are not so large as to change the sign, we find that A < 0. Therefore 
only four solutions remain. They are shown in Table ^. The errors in Table 
^ were calculated from the experimental errors and the uncertainty in the 
value of fos* (Table [l|). 

Of the four possibilities given in Table ^ only set 2 is acceptable, since 
it is the only one to give acceptable values for the form factors at = 0. 
Indeed, for this case we get remarkable agreement with the experimental 
data: V{0) = 1.0 ±0.1 (exp: 1.1 ±0.2), Ai{0) = 0.57±0.03 (exp: 0.56 ±0.4) 
and ^2(0) = 0.44 ± 0.12 (exp: 0.40 ± 0.08). 

With these experimentally determined values of the model parameters 
it is then straightforward to calculate the branching ratios and polarization 
variables for the other semileptonic decays of the type D —y V. The results 
are shown in Table |. We see that these results are in agreement with the 
known experimental data. 
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Decays D ^ Plvi 

There are four Cabibbo allowed semileptonic decays {D^ —>■ , — »• 
K'^, — s> 7] and t]') and five Cabibbo suppressed semileptonic decays 

(D° TT-, D+ ^ tt'^, D+ ^ T], D+ ^ 7]' and D+ K°) of the charmed 
mesons of the type D Plvi- 

In our approach the form factors are given by 



Fi[q)= - — + 9fH'* :r 2 ' (33) 



Khp 2 - m]j 
-^Fo{q)= - — + gfH"J-— {1-2— ^ 

2 



Jh . r I , q 

+ 9JH'* 



2 y rriHi* itlh — frip 

, (34) 

mjj — nip q^ — mj^M 

where the pole masses and the constants Khp are given in Table We shall 
neglect the lepton mass, so the form factor Fq, which is proportional to q^, 
does not contribute to the decay width. The calculation of the decay rate is 
very similar to the vector case. After a trivial integration we obtain 



247r3 



(35) 



where, similarly as in 



rap , 
itlh' 



(36) 



The dimensionless integration variable y has been introduced with the same 



definition (26) as in the vector case and the three-momentum of the light 
pseudoscalar meson is given by ( p7D with my replaced by mp: 



[m]j{l -y) + mpf 



— mi 



(37) 
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Using the best known experimental branching ratio - B[D^ K l^vi] = 
(3.68 ± 0.21)% 0, we get two solutions for g: 

SOL. 1 : g = 0.08 ± 0.09 , (38) 
SOL. 2 : ^ = -0.90 ±0.19 . (39) 

The quoted errors are mainly due to the uncertainties in the value of the 
heavy meson decay constant Fd. Unfortunately we are not able to choose 
between the two possible solutions for g (|38D-(|39D. Both solutions give ac- 
ceptable values for the absolute value of the form factor at = 0: |/+(0)| = 
0.87 ± 0.35 for solution 1 and 1/4.(0) | = 0.68 ± 0.34 for solution 2, compared 
to the experimental value 0.75 ± 0.03. 

We have calculated the branching ratios for the other D P semileptonic 
decays, assuming both solutions for g, which give similar results. These 
results are summarized in Table 



IV. SUMMARY 



We have proposed a method to include the light vector meson resonances 
in the weak currents using HQET and CHPT. With the use of the weak 
and strong Lagrangian, we have analyzed the matrix elements of the weak 
currents for the decays — >■ K^*l'^vi and — > K~l~^i>i. Instead of the 
propagators used in HQET we have used the full propagators for the in- 
termediate heavy meson states. In this way we obtain a pole-type behav- 
ior of the form factors for the matrix element of the vector currents, and 
a constant behavior of the form factors in the case of matrix elements of 
the axial current. The unkown parameters A, ai and 02 were determined 
using the experimental measurements of T/Ttot, ^l/^t and r_(./r_ for 
D+ giving A = (-0.34 ± 0.07) GeV-\ ai = (-0.14 ± 0.01) GeV^/^^ 

and as = (-0.10 ± 0.03) GeV^/^^ p^^^ ^j^^ ^po ^ R-l+vi) data the cou- 
pling g, defined in the strong Lagrangian for heavy mesons, was determined 
as well, but an ambiguity gives two possible solutions: g = 0.08 ± 0.09 and 
g = —0.90 ±0.19. We calculated the measured Cabibbo allowed semileptonic 
decays D+ Df (v + v'), ^° ^ K*- and Df and the Cabibbo 
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suppressed decays ^ tt^ , 7r°. The calculated branching ratios are 

in agreement with the experimental results. We have also predicted the other 
semileptonic decays, that have not yet been observed. 

This work was supported in part by the Ministry of Science and Technol- 
ogy of the Republic of Slovenia (B.B. and S.F.) and by the U.S. Department 
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ER4086 (R.J.O.). One of us (B.B.) is very grateful to Lincoln Wolfenstein 
and the High Energy Theory Group of Carnegie Mellon University for the 
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H 


niH 


fH 


P 


nip 


fp 


V 


my 


D 


1.87 


0.24 ±0.05 


TT 


0.14 


0.13 


p 


0.77 


Ds 


1.97 


0.27 ±0.05 


K 


0.50 


0.16 


K* 


0.89 


D* 


2.01 


0.24 ±0.05 


V 


0.55 


0.13 ±0.008 




0.78 


Dl 


2.11 


0.27 ±0.05 


1]' 


0.96 


0.11 ±0.007 


$ 


1.02 



Table 1: The pole masses and decay constants in GeV. 



H 


V 


H'* 


H' 


Khv 




K*- 




Dt 


cos 6 c 


D+ 






Dt 


cos 9 c 


Dt 


$ 




Dt 


cos B,. 








D+ 


sin 6 c 


D+ 




D*+ 


D+ 


-^_sm6c 


D+ 


OJ 


D*+ 


D+ 


■j=^sm6c 


Dt 




D*+ 


D+ 


sin 6 c 



Table 2: The pole mesons and the constants Khy for the D ^ V Cabibbo 
allowed and Cabibbo suppressed semileptonic decays. 





A [GeV-i 




ai [GeVi/2] 




a2 [GeVi/2] 




SET 1 
SET 2 
SET 3 
SET 4 


-0.34 ±0.07 
-0.34 ±0.07 
-0.74 ±0.14 
-0.74 ±0.14 


-0.14 ±0.01 
-0.14 ±0.01 
-0.064 ± 0.007 
-0.064 ± 0.007 


-0.83 ±0.04 
-0.10 ±0.03 
-0.60 ±0.03 
±0.18 ±0.03 



Table 3: Four possible solutions for the model parameters as determined by 
the D+ K*^l+n data. 
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Decay 


B[%] 




r+/r_ 


D° ^ K*- 


1.8 ±0.2 
(2.0 ±0.4) 


1.23 ±0.13 


0.16 ±0.04 




1.7±0.1 
(1.88 ±0.29) 


1.2 ±0.1 
(0.6 ±0.2) 


0.16 ±0.04 




0.17 ±0.02 


1.34 ±0.2 


0.15 ±0.10 




0.22 ± 0.02 

(< 0.37) 


1.4 ±0.2 


0.15 ±0.10 




0.21 ±0.02 


1.4 ±0.2 


0.16 ±0.10 




0.17 ±0.02 


1.3 ±0.2 


0.15 ±0.10 



Table 4: The branching ratios and polarization ratios for the D ^ V 
semileptonic decays. Where available, the experimental data is quoted in 
brackets. 



H 


P 


H'* 


Khp 




K- 


D*+ 


(1//k) cos 6'c 


D+ 




D*+ 


{1/ Jk) cos 9c 


Dt 


V 


D*+ 




[I - h(?)lfrf - ^SC/ fr^i] COS 9c 


Dt 


v' 


d:+ 


^[-5sc//^ + (1 - 5s^)/f^'] cos 9c 






D*+ 


(1//0 sin^e 


D+ 




D*+ 


-^(1/A)sin^, 


D+ 


'/ 


D*+ 


+ + sin 


D+ 


v' 


D*+ 


1 


[SC/ f r, + {1 + S^)/fr,,] sin 9c 


Dt 




D*+ 


{l/fK)sin9c 



Table 5: The pole mesons and the constants Khp for the D ^ P Cabibbo 
allowed and Cabibbo suppressed semileptonic decays. The rj — rj' mixing 
angle is 6'p and s = sin 6'p, c = cos 6'p, while 9c is the Cabibbo angle. 
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Decay 


Bi 


B2 


exp. 


D+ ^K^ 


9.4 ±0.5 


9.4 ±0.5 


6.7 ±0.8 


Dt^V 


3±3 


2±2 




Dt ^ v' 


1.6 ±0.7 


0.9 ±0.5 




Dt ^ ('/ + '/') 


1 ± 3 


3 ± 3 


7.1± 3.2 


D^^n- 


0.47 ±0.05 


0.5 ±0.5 


"-'•'-'^-0.12 




0.59 ±0.06 


0.7 ±0.6 


0.57 ±0.22 


D+ -^7] 


0.18 ±0.05 


0.1 ±0.2 




D+ T}' 


0.021 ±0.005 


0.01 ±0.01 




Dt - 


0.4 ±0.2 


0.2 ± 0.3 





Table 6: The branching ratios for the D — > P semileptonic decays, where Bi 
and B2 refer to the two possible solutions g — 0.08±0.09 and g — — 0.90±0.19, 
respectively. 
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